Elements, their Atomic Number and Molar Mass 


Atomic Molar 
Number mass/ 
(g mol!) 


Element Symbol 


Atomic 
Number 


Element Symbol 


Actinium 
Aluminium 
Americium 
Antimony 
Argon 
Arsenic 
Astatine 
Barium 
Berkelium 
Beryllium 
Bismuth 
Bohrium 
Boron 
Bromine 
Cadmium 
Caesium 
Calcium 
Californium 
Carbon 
Cerium 
Chlorine 
Chromium 
Cobalt 
Copper 
Curium 
Dubnium 
Dysprosium 
Einsteinium 
Erbium 
Europium 
Fermium 
Fluorine 
Francium 
Gadolinium 
Gallium 
Germanium 
Gold 
Hafnium 
Hassium 
Helium 
Holmium 
Hydrogen 
Indium 
Iodine 
Iridium 
Iron 
Krypton 
Lanthanum 
Lawrencium 
Lead 
Lithium 
Lutetium 
Magnesium 
Manganese 
Meitneium 


Mendelevium 


227.03 
26.98 
(243) 
121.75 
39.95 
74.92 
210 
137.34 
(247) 
9.01 
208.98 
(264) 
10.81 
79.91 
112.40 
132.91 
40.08 
251.08 
12.01 
140.12 
35.45 
52.00 
58.93 
63.54 
247.07 
(263) 
162.50 
(252) 
167.26 
151.96 
(257.10) 
19.00 
(223) 
157,25 
69.72 
72.61 
196.97 
178.49 
(269) 
4.00 
164.93 
1.0079 
114.82 
126.90 
192.2 
55.85 
83.80 
138.91 
(262.1) 
207.19 
6.94 
174.96 
24.31 
54.94 
(268) 
258.10 
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Mercury 
Molybdenum 
Neodymium 
Neon 
Neptunium 
Nickel 
Niobium 
Nitrogen 
Nobelium 
Osmium 
Oxygen 
Palladium 
Phosphorus 
Platinum 
Plutonium 
Polonium 
Potassium 
Praseodymium 
Promethium 
Protactinium 
Radium 
Radon 
Rhenium 
Rhodium 
Rubidium 
Ruthenium 
Rutherfordium 
Samarium 
Scandium 
Seaborgium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Sulphur 
Tantalum 
Technetium 
Tellurium 
Terbium 
Thallium 
Thorium 
Thulium 
Tin 
Titanium 
Tungsten 
Ununbium 
Ununnilium 
Unununium 
Uranium 
Vanadium 
Xenon 
Ytterbium 
Yttrium 
Zinc 
Zirconium 


ZaBSSBESSSITYaASZ 
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The value given in parenthesis is the molar mass of the isotope of largest known half-life. 


200.59 
95.94 
144.24 
20.18 


(237.05) 


58.71 
92.91 
14.0067 
(259) 
190.2 
16.00 
106.4 
30.97 
195.09 
(244) 
210 
39.10 
140.91 
(145) 
231.04 
(226) 
(222) 
186.2 
102.91 
85.47 
101.07 
(261) 
150.35 
44.96 
(266) 
78.96 
28.08 
107.87 
22.99 
87.62 
32.06 
180.95 
(98.91) 
127.60 
158.92 
204.37 
232.04 
168.93 
118.69 
47.88 
183.85 
(277) 
(269) 
(272) 
238.03 
50.94 
131.30 
173.04 
88.91 
65.37 
91.22 





Some Useful Conversion Factors 





Common Unit of Mass and Weight 
1 pound = 453.59 grams 


1 pound = 453.59 grams = 0.45359 kilogram 
1 kilogram = 1000 grams = 2.205 pounds 
1 gram = 10 decigrams = 100 centigrams 

= 1000 milligrams 
1 gram = 6.022 x 10% atomic mass units or u 
I atomic mass unit = 1.6606 x 10-24 gram 
1 metric tonne = 1000 kilograms 

= 2205 pounds 


Common Unit of Volume 
1 quart = 0.9463 litre 
1 litre = 1.056 quarts 


1 litre = 1 cubic decimetre = 1000 cubic 
centimetres = 0.001 cubic metre 
1 millilitre = 1 cubic centimetre = 0.001 litre 
= 1.056 x 10° quart 
1 cubic foot = 28.316 litres = 29.902 quarts 
= 7.475 gallons 


Common Units of Energy 
1 joule = 1 x 10’ ergs 


1 thermochemical calorie** 
= 4.184 joules 
= 4.184 x 10% ergs 
= 4.129 x 10? litre-atmospheres 
= 2.612 x 101? electron volts 
1 ergs = 1 x 107 joule = 2.3901 x 10° calorie 
1 electron volt = 1.6022 x 1071? joule 
= 1.6022 x 1071? erg 
= 96.487 kJ/mol} 
1 litre-atmosphere = 24.217 calories 
= 101.32 joules 
= 1.0132 x10* ergs 
1 British thermal unit = 1055.06 joules 
= 1.05506 x10!° ergs 
= 252.2 calories 


Common Units of Length 
1 inch = 2.54 centimetres (exactly) 


1 mile = 5280 feet = 1.609 kilometres 
1 yard = 36 inches = 0.9144 metre 
1 metre = 100 centimetres = 39.37 inches 
= 3.281 feet 
= 1.094 yards 
1 kilometre = 1000 metres = 1094 yards 
= 0.6215 mile 
1.0 x 103 centimetre 
0.10 nanometre 
1.0 x 10-19 metre 
= 3.937 x 10? inch 


1 Angstrom 


Common Units of Force* and Pressure 


1 atmosphere = 760 millimetres of mercury 
= 1.013 x 10? pascals 
= 14.70 pounds per square inch 
1 bar 2-10? pascals 
1 torr = 1 millimetre of mercury 
1 pascal = 1 kg/ms? = 1 N/m? 


Temperature 
SI Base Unit: Kelvin (K) 


K £.-273.150 
D-'C-273.15 
'F = 1.8(C) + 32 
| oF — 32 

1.8 


oC = 


* Force: 1 newton (N) = 1 kg m/s?, i.e.,the force that, when applied for 1 second, gives a 
1-kilogram mass a velocity of 1 metre per second. 

** The amount of heat required to raise the temperature of one gram of water from 14.5°C to 15.5°C. 

+ Note that the other units are per particle and must be multiplied by 6.022 x10% to be strictly 


comparable. 
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Standard potentials at 298 K in electrochemical order 





Reduction half-reaction E?/V Reduction half-reaction E?/V 
H,XeO, + 2H* + 26 —o XeO, + 3H,O  *3.0 Cu + e —> Cu *0.52 
F, + 2e —> 2F- 49.87 NiOOH + H,O + e —> Ni(OH), + OH +0.49 
O, + 2H* + 2€ —> O, + H,O +2.07 Ag,CrO, + 2e — 2Ag + CrOy +0.45 
S,O8 + De” y 250% +2.05 O, + 2H,O + 4e —> 40H +0.40 
ET. +1.98 CIO, + H,O + 2e —> CIO; + 20H +0.36 
Co?* +e Co” +1.81 [Fe(CN)¿J7 +e —> [Fe(CN),]* +0.36 
2+ - 
H,O, + 2H" + 2e —> 2H,0 +1.78 aie Eis i re 
Ate re rec "ech + 26 Ss 2g * 2C1 wech 
+e —> + 4 
Pb“ + 2e — pp? 41.67 iem . M 때 Se 
2HCIO + 2H* + 20 —3 CI, +2H,0 +1.63 AL NE Sas: í 
aun os SO? + 4H* + 2e —> H,SO, + HO +0.17 

Ce” +e —>Ce +1.61 Géi - å 
2HBrO + 2H* + 2e Br, + 2H,O +1.60 mena e us 

eae uu e | Sn” + 2e —3 Sn” +0.15 
니시 F ER + be Mn” + 4H,O 1*151 AgBr + e” Ab + Br +0.07 
eet +€ > Mn +1.51 Tit + e > Ti? 0.00 
Au” + oe —> An +1.40 ÒH +A H, 0.0 by 
CL ~ ——35 2C1 +1.36 definition 
Cr,O; + 14H" + 66 —> 2Cr” + 7H,O +1.33 END 36 — Fe 0.04 
Og + H,O + 26 — O, + 20H +1:24 O, + H,O + 26 — HO; + OH -0.08 
O, + 4H” + 4e — 2H,0 +1.23 Pb? + 2e —> Pb -0.13 
CIO; + 2H" *2e —> CIO; + 2H,O +1.23 Int +e — > In -0.14 
MnO, + 4H” + 2e —> Mn” + 2H,O +1.23 Sn” + 2e —3 Sn -0.14 
Pt” + Oe —> Pt +1.20 AgI + € —> Ag +I -0.15 
Br, + 2e — 2Br +1.09 Ni” + 2e —> Ni -0.23 
Pu” + e —> Pu” +0.97 vV* + € — V” -0.26 
NO, + 4H* + 36 —> NO + 2H,O +0.96 Co” + 2€ — Co -0.28 
2Hg^ + 26 — Hg? +0.92 In* + 36 — In -0.34 
CIO + H,O + 2e —> Cl + 20H +0.89 re -0.34 
Hg” + 26 —> Hg +0.86 PbSO, + 2e — Pb + SOZ 0.36 
NO; + 2H' + e — NO, + H,O +0.80 TT -0.37 
Ag* + € 5 Ag +0.80 Cd” + 2e —> Cd —0.40 
Hø? +26 —> 2Hg +0.79 m” a e —> In” | -0.40 
Fe + es Fe” 40.77 Cr" + e — Cr? -0.41 

"da 
BrO + H,O + ie —> Br 20H 40.76 å SE Ge por 
+ PE 

Hg,SO, *2e — 2Hg + SO” +0.62 abb Mus 

D 3 i S + 2e — S -0.48 
MnO? + 2H,O + 2e —> MnO, + 40H +0.60 NUN " 
MaO 4 Mno* +0.56 In” + e — In —0.49 
I : 2 i wá B +0.54 pe pis 
d EE: i Cr? + 3e —> Cr -0.74 
I, + 26 —> 31 +0.53 oe ES 0:76 

(continued) 
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Reduction half-reaction 


Cd(OH), + 2e —> Cd + 20H 
2H,0 + 2e —> H, + 20H 
Cr^' + 2e —> Cr 

Mn** + 2e — Mn 

V?* + 2€ —> V 

Ti^' + 2e — Ti 

Al%* + 3e° — Al 

U?* + 3e —> U 

Sc?* + 36 —> Sc 

Mg?* + 2e — Mg 

Ce?* + 3e — Ce 


E? /V 


-0.81 
-0.83 
-0.91 
-1.18 
-1.19 
-1.63 
-1.66 
-1.79 
-2.09 
-2.36 
-2.48 


Reduction half-reaction 


La?' + 36 —> La 
Na +e — Na 
Ca% + 2e — Ca 
Sr?* + 2e —> Sr 
Ba% + 2e —> Ba 
Ra?* + 2e — Ra 
Ce +e — Cs 
Rb* + e — Rb 
K* +€ —oK 

Li" + e —> Li 
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E? /V 


-2.52 
2 TL 
-2.87 
-2.89 
-2.91 
-2.92 
-2.92 
-2.93 
-2.93 
-3.05 
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Logarithms 





Sometimes, a numerical expression may involve multiplication, division or rational powers of large 
numbers. For such calculations, logarithms are very useful. They help us in making difficult calculations 
easy. In Chemistry, logarithm values are required in solving problems of chemical kinetics, thermodynamics, 
electrochemistry, etc. We shall first introduce this concept, and discuss the laws, which will have to be 
followed in working with logarithms, and then apply this technique to a number of problems to show 
how it makes difficult calculations simple. 


We know that 

2° = 8, 3° = 9, 5° = 125, 7 = 1 

In general, for a positive real number a, and a rational number m, let a” = b, 
where b is a real number. In other words 

the m™ power of base a is b. 

Another way of stating the same fact is 

logarithm of b to base a is m. 

If for a positive real number a, a # 1 

a” =b, 


we say that m is the logarithm of b to the base a. 


We write this as log? =m, 
“log” being the abbreviation of the word “logarithm”. 
Thus, we have 
log, 8 = 3, Since2” = 8 
log, 9 = 2, Since3” = 9 
log; 125 = 3, Since5” = 125 
log, 1 = 0, Since7° = 1 
Laws of Logarithms 
In the following discussion, we shall take logarithms to any base a, (a > O and a # 1) 
First Law: log, (mn) = logam + logan 
Proof: Suppose that logam = x and log,n = y 
Then a^ m, a =n 
Hence mn = a*.a = a? 
It now follows from the definition of logarithms that 
log, (mn) = x + y = log, m - log, n 


m 
Second Law: log, m. log, m - log,n 


Proof: Let logam = x, logan = y 
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Then a =m, Y = n 


X 
m 


a 
Hence — = Uy —a 
n a 


x-y 
Therefore 


m 
log, RH = X -y = log, m - log, n 
n 


Third Law : log,(m”) = n logam 

Proof : As before, if log,m = x, then a^ = m 
Then m” = (a* ) = 8 

giving log,(m”) = nx = n log, m 

Thus according to First Law: “the log of the product of two numbers is equal to the sum of their logs. 
Similarly, the Second Law says: the log of the ratio of two numbers is the difference of their logs. Thus, 
the use of these laws converts a problem of multiplication /division into a problem of addition /subtraction, 
which are far easier to perform than multiplication/division. That is why logarithms are so useful in 
all numerical computations. 

Logarithms to Base 10 


Because number 10 is the base of writing numbers, it is very convenient to use logarithms to the base 
10. Some examples are: 


10816 10 = 1, since 10! = 10 
logio 100 = 2, since 10? = 100 
10816 10000 = 4, since 10% = 10000 
10816 0.01 = -2, since 10? = 0.01 
10816 0.001 = -3, since 10° = 0.001 
and 108101 = O since 10% = 1 


The above results indicate that if n is an integral power of 10, i.e., 1 followed by several zeros or 
1 preceded by several zeros immediately to the right of the decimal point, then log n can be easily found. 


If n is not an integral power of 10, then it is not easy to calculate log n. But mathematicians have 
made tables from which we can read off approximate value of the logarithm of any positive number 
between 1 and 10. And these are sufficient for us to calculate the logarithm of any number expressed 
in decimal form. For this purpose, we always express the given decimal as the product of an integral 
power of 10 and a number between 1 and 10. 


Standard Form of Decimal 


We can express any number in decimal form, as the product of (i) an integral power of 10, and (ii) 
a number between 1 and 10. Here are some examples: 


(i) 25.2 lies between 10 and 100 


x10 22,52 x 10! 





25.2 = 


(ii) 1038.4 lies between 1000 and 10000. 


1038.4 a " 
. 1038.4 = x10" 21.0384 x10 


1000 
(iii) 0.005 lies between 0.001 and 0.01 
- 0.005 = (0.005 x 1000) x 10? = 5.0 x 10? 
(iv) 0.00025 lies between 0.0001 and 0.001 
- 0.00025 = (0.00025 x 10000) x 10% = 2.5 x 10° 
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In each case, we divide or multiply the decimal by a power of 10, to bring one non-zero digit to the left 
of the decimal point, and do the reverse operation by the same power of 10, indicated separately. 


Thus, any positive decimal can be written in the form 
n= mx 10° 


where p is an integer (positive, zero or negative) and 1< m < 10. This is called the “standard form of n.” 


Working Rule 


1. Move the decimal point to the left, or to the right, as may be necessary, to bring one non-zero digit 
to the left of decimal point. 
2. (i) If you move p places to the left, multiply by 10". 
(ii) If you move p places to the right, multiply by 10*. 
(iii) If you do not move the decimal point at all, multiply by 10°. 
) 


(ivy Write the new decimal obtained by the power of 10 (of step 2) to obtain the standard form of 
the given decimal. 


Characteristic and Mantissa 
Consider the standard form of n 
n =m X10", where 1 <m < 10 
Taking logarithms to the base 10 and using the laws of logarithms 
log n = log m + log 10" 
log m + p log 10 
p + log m 
Here p is an integer and as 1 < m < 10, so O < log m < 1, i.e., m lies between O and 1. When log 
n has been expressed as p + log m, where p is an integer and 0 108 m < 1, we say that p is the 
“characteristic” of log n and that log m is the “mantissa of log n. Note that characteristic is always an 


integer — positive, negative or zero, and mantissa is never negative and is always less than 1. If we can 
find the characteristics and the mantissa of log n, we have to just add them to get log n. 


Thus to find log n, all we have to do is as follows: 
1. Put n in the standard form, say 
n=m x 10°, 1 « m «10 
. Read off the characteristic p of log.n from this expression (exponent of 10). 
. Look up log m from tables, which is being explained below. 
. Write log n = p + log m 
If the characteristic p of a number n is say, 2 and the mantissa is .4133, then we have log n = 2 


* .4133 which we can write as 2.4133. If; however, the characteristic p of a number m is say -2 and the 
mantissa is .4123, then we have log m = -2 + .4123. We cannot write this as -2.4123. (Why?) In order 


ROD 


to avoid this confusion we write a for -2 and thus we write log m = 9.4193. 


Now let us explain how to use the table of logarithms to find mantissas. A table is appended at the 
end of this Appendix. 

Observe that in the table, every row starts with a two digit number, 10, 11, 12,... 97, 98, 99. Every 
column is headed by a one-digit number, O, 1, 2, ...9. On the right, we have the section called “Mean 
differences” which has 9 columns headed by 1, 2...9. 


0 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 
61 7853 7860 7868 7875 7882 7889 7896 7803 7810 7817 11234450606 
62 7924 7931 7935 |7945| 7954 7959 7966 7973 7980 7987 1 1 2 3 4 5 6 6 
63 7993 8000 8007 8014 8021 8028 8035 8041 8048 8055 1 1 8 3 3 4 5 6 6 


Chemistry ëch, 


2020-21 


Now suppose we wish to find log (6.234). Then look into the row starting with 62. In this row, look 
at the number in the column headed by 3. The number is 7945. This means that 


log (6.230) = 0.7945* 


But we want log (6.234). So our answer will be a little more than 0.7945. How much more? We look 
this up in the section on Mean differences. Since our fourth digit is 4, look under the column headed 
by 4 in the Mean difference section (in the row 62). We see the number 3 there. So add 3 to 7945. We 
get 7948. So we finally have 


log (6.234) = 0.7948. 


Take another example. To find log (8.127), we look in the row 81 under column 2, and we find 9096. 
We continue in the same row and see that the mean difference under 7 is 4. Adding this to 9096, and 
we get 9100. So, log (8.127) = 0.9100. 


Finding N when log N is given 

We have so far discussed the procedure for finding log n when a positive number n given. We now turn 
to its converse i.e., to find n when log n is given and give a method for this purpose. If log n = t, we 
sometimes say n = antilog t. Therefore our task is given t, find its antilog. For this, we use the ready- 
made antilog tables. 


Suppose log n = 2.5372. 


To find n, first take just the mantissa of log n. In this case it is .5372. (Make sure it is positive.) 
Now take up antilog of this number in the antilog table which is to be used exactly like the log table. 
In the antilog table, the entry under column 7 in the row .53 is 3443 and the mean difference for the 
last digit 2 in that row is 2, so the table gives 3445. Hence, 


antilog (.5372) = 3.445 

Now since log n = 2.5372, the characteristic of log n is 2. So the standard form of n is given by 
n = 3.445 x 10° 

or n = 344.5 


Illustration 1: 
If log x = 1.0712, find x. 


Solution: We find that the number corresponding 10 0712 is 1179. Since characteristic of log x is 1, we 
have 


x= 1,179 x 10" 
= 11.79 
Illustration 2: 


If logio x = 2.1352, find x. 


Solution: From antilog tables, we find that the number corresponding to 1352 is 1366. Since the 


characteristic is 2 i.e., -2, so 
x = 1.366 x 10? = 0.01366 


Use of Logarithms in Numerical Calculations 
Illustration 1: 
Find 6.3 x 1.29 
Solution: Let x = 6.3 x 1.29 
Then 10816 x = log (6.3 x 1.29) = log 6.3 + log 1.29 
Now, 
log 6.3 = 0.7993 
log 1.29 = 0,1106 
-. 10816 x = 0.9099, 


* It should, however, be noted that the values given in the table are not exact. They are only approximate values, 
although we use the sign of equality which may give the impression that they are exact values. The same 
convention will be followed in respect of antilogarithm of a number. 
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Taking antilog 











x = 8.127 
Illustration 2: 
(1.23)? 
Find 
11.2x 23.5 
3 
2 
Solution: Let x - (1.23) 
11.2x23.5 
3 
2 
Then log x = log El 
11.2x23.5 
3 
Du log 1.23 - log (11.2 x 23.5) 
3 
TUS log 1.23 - log 11.2 - 23.5 
NOW, 


log 1.23 = 0.0899 


3 
y log 1.23 = 0.13485 


log 11.2 = 1.0492 
log 23.5 = 1.3711 
log x = 0.13485 - 1.0492 - 1.3711 











- 8.71455 
. X = 0.005183 
Illustration 3: 
- (71.24)? x 456 
SEN 2.37 xv21 
(71.24)? x 456 
Solution: Let x = (2.3) x J21 
1 (71.24)“ ×4156 
Then log x = 2 log (2.3) x 21 
1 
= 5 llog (71.24)? + log 456 -log (2.37 -log 421] 
5 1 7 1 
= —log 71.24 + — log 56 — —log 2.3 —-— log 21 
2 4 S 2 S 4 B 
Now, using log tables 
log 71.24 = 1.8527 
log 56 = 1.7482 
log 2.3 = 0.3617 
log 21 = 1.3222 
5 1 7 1 
- log x = —log (1.8527) + — (1.7482) - — (0.3617) - — (1.3222) 
2 4 2 4 
= 3.4723 
. X = 2967 
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LOGARITHMS 


TABLE I 


10 | 0000 a 0086 | 0128 | 0170 17 21 CEER 30 3438 
0212 | 0253 " 0334 | 0374 | 4 16 20 24 | 28 32 36 
11 | 0414/0453 | 0492 arm 12 20 23 | 27 3135 
Gel 0645 m 0719 | 0755 11 18 22 | 26 2933 
12 | 0792/0828 | 0864 | 0899 | 0934 11 18 21 | 25 28 32 
1004| 1038} 1072} 1106 17 20 | 24 2731 
139 SEH LI Cd SEN 23 2629 
1303 | 1335| 1367 | 1399 | 1430 e 22 25 29 
14 | 1461/1492 | 1523 | 1553 | 1584 22 2528 
1614 | 1644| 1673 | 1703 | 1732 


20 2326 


15 | 176111790 | 1818 | 1847 | 1875 20 23 26 
1903 | 1931| 1959 | 1987 | 2014 19 2225 

16 | 2041/2068 | 2095 | 2122 | 2148 19 2224 
2175 | 2201| 2227 | 2253 | 2279 ie 18 21 23 

17 | 2304/2330 | 2355 | 2380 | 2405 18 20 23 
2430 | 2455] 2480 | 2504 | 2529 


e 17 2022 


18 | 2553 2577 | 2601 | 2625 | 2648 14 19 21 
2672 | 2695| 2718 | 2742 | 2765 i ge 14 18 21 
19 |2788|[2810 | 2833 | 2856 | 2878 9 11 13 18 20 
2900 | 2923] 2945 | 2967 | 2989 8 11p 13 17 19 


3010|3032 | 3054 | 3075 | 3096 3139| 3160 | 3181 | 3201 
3222 |3243 | 3263 | 3284 | 3304 3345|3365 | 3385 | 3404 
3424 [3444 | 3464 | 3483 | 3502 3541 | 3560 | 3579 | 3598 
3617 |3636 | 3655 | 3674 | 3692 3729| 3747 | 3766 | 3784 
3802 |3820 | 3838 | 3856 | 3874 3909 | 3927 | 3945 | 3962 
3979|3997 | 4014 | 4031 | 4048 4082 | 4099 | 4116 | 4133 
415014166 | 4183 | 4200 | 4216 4249 | 4265 | 4281 | 4298 
4314/4330 | 4346 | 4362 | 4378 4409| 4425 

4472 |4487 | 4502 | 4518 | 4533 4564 | 4579 | 4594 | 4609 
46244639 | 4654 | 4669 | 4683 471314728 | 4742 | 4757 


~] 
00 
© 


NONNI UUJ wN |w vw fu Q0 IW VS 
Orgorj[oro [Oo [O0 IN® InN Y 


NN 
Pip | 이 


=. IN OON OS NON MN CN 


4771|4786 | 4800 | 4814 | 4829 48574871 | 4886 | 4900 
49144928 4942| 4955 | 4969 4997 | 5011 | 5024 | 5038 
5051/5065 | 5079 | 5092 | 5105 5132| 5145%5159 | 5172 
5185/5198 | 5211 | 5224 | 5237 5263| 5276 | 5289 | 5302 
5315/5328 | 5340 | 5353 | 5366 5391 | 5403 | 5416 | 5428 


Rh ` kel a a ` kel 


5441/5453 | 5465 | 5478 | 5490 5514 | 5527 | 5539 | 5551 
55635575 | 5587 | 5599 | 5611 5635 | 5647 | 5658 | 5670 
5682/5694 | 5705 | 5717 | 5729 5752| 5763 | 5775 | 5786 
5798 |5809 | 5821 | 5832 | 5843 5866 | 5877 | 5888 | 5899 
5911/5922 | 5933 | 5944 | 5955 5977 | 5988 | 5999 | 6010 


Rh mM a a a 


6021|6031 | 6042 | 6053 | 6064 6085| 6096 | 6107 | 6117 
6128/6138 | 6149 | 6160 | 6170 6191|6201 | 6212 | 6222 
6232 |6243 | 6253 | 6263 | 6274 6294 | 6304 | 6314 | 6325 
6335|6345 | 6355 | 6365 | 6375 6395 | 6405 | 6415 | 6425 
6435 [6444 | 6454 | 6464 | 6474 6493| 6503 | 6513 | 6522 


Rh ` kel a a a 


6532/6542 | 6551 | 6561 | 6471 6590 | 6599 | 6609 | 6618 
6628 |6637 | 6646 | 6656 | 6665 6684 | 6693 | 6702 | 6712 
6721|6730 | 6739 | 6749 | 6758 6776| 6785 | 6794 | 6803 
6812|6821 | 6830 | 6839 | 6848 6866 | 6875 | 6884 | 6893 
6902|6911 | 6920 | 6928 | 6937 6955 | 6964 | 6972 | 6981 


0 Dä o Dä (20000000 Lo o ob > pe de WE de am RR a Oo Oo Oo Oo OO OO IOzdizdrzd DD OD DD |0 0 |0 © 


NNNNN kä bä bh OM hä NNNNN 020000 0 Lo 0 0 WH SS BEB 
AAR 01 Oo Oo Oo Oo Oo Oo Oo OD OO OO OO 0000 oO OO © 

a 01 01 00 OO OO OD NnNnNNN 00000000 000 

O00 JJ 1-0 00000000 OO O 

YNNN 000000000 0200 

00 œ œ œ Oo oO O © 


Rh m a a ` kel 
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LOGARITHMS 


TABLE 1 (Continued) 


== NNN NNNDN kä 


Rh j ` kel ` kel ` kel Rh 0m ` kel ` kel ` kel 
Rh m ` kel ` kel ` kel Rh p ` kel ` kel ` kel 


Rh Aa ` bel ` kel ` kel 
— ` kel REP VE 


1 1 
1 1 
1 1 
1 1 
1 1 


Rh ki = a 
Rh ki = ki ` ki 
ka ka ka IN N hä kä kä ki N N NNN NNDNDQN N NON PN W No NONO kä PN N hä hä kä ki NM kä Go 0 


Rh j ` kel ` kel ` kel 


= ki 
NONO kä ki PN bi kä kä kä ki N 650 kä ki W N NNN W N NNNN N NNNN ki Go Co ao Go oO Go Co A Go 828282 A A Co Y Ww 


NNNNNNNNNN NNNOG oo Q Go to Do too too o too too Ev. o oo o à bb kb A kk kb a 
o 60 60 60 o Lev Do o too oo o oto oo oo AAA AA kb bb bb bb kb o oo oo o Oo Oo 
o 60 60 60 o oo too SS bk bb bb kb bb bk kk oo o oo o oo o oo oo oo o Oo OAN 
oA A A DAA A A bk bb bb bb bk bb kb UO oo oo om oo oo o oo o oo 0000000 4 Al 
ALA LAA bk bb 수 수 Do oo oo o oo oo o Do oo o 00000000005 A 4444 VNrunowolo 


Q O O- 으으 O Q © Q © OOO 
Rh = = ki ` ki 


Rh a ` kel ` kel ` kel 
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ANTILOGARITHMS 


TABLE II 


A ka ka 다 버버 a Fa Fa Fa 
A ka ka Fa a Fa a Fa Fa Fa 
A ka ka Fa a Fa a Fa Fa Fa 
N bb bi Mä Mä ra ra ra ra 
N bäi hä Mä hä bäi NIN 
N NNNNNNNNN]O 
0 C9 hh bh P2 PS bb hä kä 


CO OO OO OO OO CH 
Rh bai bai bai ba ba Fa bai Fa Fa 
Rh bai bai bai ba ba Fa bai Fa Fa 
Rh ka bai bai ba ba Fa bai Fa Fa 
NONNNNNNNN EH 
NN PROP PN M NO PM PS PN 
C) NNNNNNNNDN 
LO DO DO DO Lo Go Go bb WN 
Lä Do Dä Dä Lo Go Lo Dä ww 


CO OO CH 
= ba ka bai Fi 
Rh bai ka Fa Fi 
NNNN += 
NNNNN 
NNNNN 
Q Go Lo LO 
Q Go Lo Dä Co 
GG Go Co Lo 


NON PN PN LP 
bb kä 
LO Dä Do Q Lb 
LO Yuuu 
A Wb Go Go Ww 
RA PP A 


0 1 
0 1 
0 1 
0 1 
0 1 


= = =. =. Fi = OOOO 
Rh =e =e =e ` Fi ` Fi = AA a 
N N NC PN PN PN PM DN WN 
0 Lo Co Co Dä C0 l9 kä kä ki 
0 0202002020200 Co 0 Ww 
SL PP bb o WO Do Go 
or WS BP PKB PB E 
a OU 091 91 91 91 GG A A 


y YA 


Rh kel Ah kel ` kel ` kel ` kel ` kel pa 





N NNNNNNNNN 
0 Dä Do Go VO NN DN 
0 wwwwnwwnww Co 
RAD PG A PKB A 
al D OD DPP pb 
Q OO a Oo Oo 의 이 

o OO Oo Oo Oo Oo OO 이 


j= 
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ANTILOGARITHMS 


TABLE II (Continued) 


o o oo oo ol 
A A4 oo oo ol O 
0 A4 4 44 NAO 


ROR Lo 
of e 
ol ol 이 
DAO 
NNN 


La bai bai ba ba Fa Fa bai Fi Fi 
NNNNNNNNNN 
LO 0 0 Lo Lo Lo Lo Go 00 Co 
aor P FP HPP HA BP A 
OD" OO OD OD OU OO no CI 
4 4 4 OO Oo Oo OO Oo 
COMOONN NNN SSG 
O O O O œ œ œ AN 


O O O O Oooo 


6 
6 
6 
6 
6 
7 
7 
y 
7 
7 


Rh hh ki ki "ki = 
DO 02020202002 Go ki WN 
GE SG GG GES GG 
OO OU OI Oo Oo OU O1! ol CI 
O œ œ Je Je Je Je N N 


NNNN+—— 
0 0 Dä 00 w 
a al cc 
Hd Oo 07 0) Oo 
œo œ 00 ON 
oo O © 


NNNNDN 
bb 000 
o ol o 이 이 
4 4 4 4 4 
oo d 00 0 


NNNNN 
PE PP DB 
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NNNNDN 
CNS 
NINN OO 
O O «5 o 00 
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